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T

HIS CHAPTER ATTEMPTS TO ANSWER TWO QUESTIONS:

What are the
relationships between the degree of adoption of food safety and quality
practices and establishments’ characteristics? And what are the associations
between the adoption of food safety and quality practices and market performances of
food processing establishments?
Data on the adoption of food safety and quality practices were obtained from the
1998 Survey of Advanced Technology in the Canadian food processing industry.
Three safety and five quality-oriented practices were identified in the survey. To analyze the impact of adoption of food safety and quality practices on market performance of Canadian food processing establishments, information from the 1998 survey
was linked to data from the Annual Survey of Manufacturers.
The 1998 Survey reported that 94 percent of the Canadian food processing
establishments use at least one of the eight practices, 74 percent use four or more, and
42 percent use six or more. The Survey indicated also that good manufacturing practices, continuous quality improvement, acceptance sampling, and hazard analysis
critical control points (HACCP) are the food safety and quality practices most commonly used by the Canadian food processing establishments.
The study shows that adoption intensity of food safety and quality practices is
very closely linked to establishments’ characteristics. In particular, the results indicate
that size, country of control, and innovativeness have more influence than industry,
major markets served, or level of inspection on the adoption intensity of food safety
and quality practices. Moreover, the results suggest that establishments in the Canadian food processing industry are more likely to adopt a combination of food safety
and quality oriented practices than to adopt safety or quality oriented practices alone.
For market performance, the results provide some evidence that the adoption of food
safety and quality practices is positively associated with establishments’ performance.
In particular, the results suggest that adoption intensities and market shares are
closely linked.
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Food safety/quality was identified as one of five key priority areas in the
Agricultural Policy Framework (APF), developed by the federal, provincial, and territorial ministries of agriculture working jointly with the agriculture and agri-food
industry. The APF set four goals for enhancing food safety and quality in the Canadian agri-food sector: protecting human health by reducing exposure to food-borne
hazards; increasing consumer confidence in safety and quality of food produced in
Canada; increasing the industry’s ability to meet market requirements for food safety
and food quality; and providing value-added opportunities through the adoption of
food safety and quality systems (Agriculture and Agri-Food Canada 2002).
Knowledge of the factors that influence the adoption of food safety and quality
practices is important in the efforts to streamline such practices by food processing
firms. Some studies suggest that establishments adopt food safety and quality practices as a result of externally driven reasons (e.g., to meet legal requirements or to
meet the needs of major customers [Henson, Holt, and Northen 2000]) or internally
driven reasons (e.g., to improve operational efficiency or to reduce error rates, wastage, and costs [Turner, Ortmann, and Lyne 2000]). Others argue that lowering the
transaction costs between business partners in the value chain would be an advantageous internal incentive to adopt food safety and quality practices (Caswell, Bredahl,
and Hooker 1998; Holleram, Bredahl, and Zaibet 1999). These studies, however, have
not examined the relationship between the adoption of these practices and the
economic performance of firms. Improved performance would be a desirable incentive for firms to adopt food safety and quality practices.
We are not aware of any Canadian studies that examine the relationship between
adopting food safety and quality practices and the performance of food processing
firms.1 In addition, most studies in the food safety literature are confined to a single
sector and/or a single food safety practice and use relatively small samples – for
example, the United Kingdom dairy sector for the adoption of hazard analysis critical
control points (HACCP) (Henson and Holt 2000), South African agribusiness firms
for the adoption of ISO 9000 (the International Organization for Standardization’s
9000 series) (Turner, Ortmann, and Lyne 2000), or ISO certification in the United
Kingdom meat sector (Zaibet and Bredahl 1997). Conclusions from these studies may
not apply to other practices or sectors. Sector-specific firm characteristics and
activities and the environment in which firms operate would likely determine the
relative importance of different incentives to adopt food safety and quality practices.

1

Metha and Wilcock (1996) examine quality management experiences in some Canadian food and
beverage manufactures. Huff and Owen (1999) provide an overview of the Canadian food regulatory
system. Gagnon, McEachern, and Bray (2000) discuss the role of the Canadian government agencies in
HACCP and related food safety meta systems. Hobbs, Fearne, and Spriggs (2002) compare incentive
structure for adopting food safety and quality assurance systems internationally, including Canada.
Jayasinghe-Mudalige and Henson (2003) investigate the incentives of adopting HACCP in the Ontario
meat processing sector.
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This study provides additional empirical evidence on food safety and quality
practices of food processing firms. The analysis uses a larger sample size than most
previous studies and examines a number of practices and sectors simultaneously
rather than just one sector. Recent data from Statistics Canada are used to investigate
the characteristics of firms that have a greater propensity to adopt food safety and
quality practices and to analyze the impact of the adoption of such practices on the
performance of firms in the Canadian food processing sector. The data capture the
wide diversity of firms in the Canadian food processing sector (e.g., size, industry,
ownership, major market served, innovativeness, type of inspection, etc.). The data
also provide information on the adoption of eight food safety and quality practices by
Canadian food processing establishments.
The study is organized into seven sections. The first section is a review of the
relevant literature. The second section presents the analytical framework. The third
section discusses the survey and the data. The fourth section develops the econometric models. The fifth and sixth sections are a presentation of the main empirical
results: the fifth section examines the relationship between the adoption of food safety
and quality practices and firms’ characteristics, while the sixth section examines the
impact of adoption of food safety and quality practices on the performance of
establishments. The seventh section contains concluding remarks.
Literature Review

T

HIS SECTION DISCUSSES THE RELEVANT LITERATURE

on the adoption of food
safety and quality assurance systems by firms. A review is provided of the
“regulatory debate” in the food safety literature and of the incentives to adopt food
safety and quality practices. A brief summary of the literature on the impact of the
adoption of food safety and quality practices on firms’ performance is given.
Regulatory Debate
In general, consumer awareness and demand for various food quality attributes
(nutritional, packaging and labeling, animal welfare) are increasing (Caswell,
Bredahl, and Hooker 1998). At the same time, there is an increasing demand for
improvements in food safety attributes involving food-borne pathogens, pesticide
residues, and food additives. Factors contributing to this growing demand for safer
food products include an ever-increasing knowledge of food-borne diseases, changing
food consumption habits, and the increasing global availability of food products
(Unnevehr and Roberts 2002; Huff and Owen 1999). More importantly, unlike other
food quality attributes, food safety poses a unique challenge due to its direct and
perceptible impact on the morbidity and the mortality of consumers. The regulatory
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responses to ensure safer food products are becoming increasingly stringent globally,
particularly in the developed world (Henson and Caswell 1999).
In response to the pressures for greater intervention in food safety and quality,
mandatory regulations are being proposed; however, their efficiency in achieving the
desired level of food safety and quality is being debated (Antle 1995; Roberts, Buzby,
and Ollinger 1996; Segerson 1999; Henson and Caswell 1999). This regulatory debate has focused on two major aspects. The first relates to the need for measuring the
cost and benefits of a given food safety regulation to ensure that benefits are greater
than costs (McDonald and Cruthfield 1996; Roberts, Buzby, and Ollinger 1996;
Caswell 1998; Antle 1999). The perceived costs are those of compliance borne by the
firms, while the perceived benefit is the avoidance of economic losses due to foodborne diseases.
The second aspect deals with the notion of equi-marginal gains for public
spending. The efficiency of allocating public funds for achieving societal benefits
(e.g., reducing the risk of statistical death) through various regulatory interventions,
including regulations on different safety attributes of food products, requires such
benefits to be equal to the last dollar spent on these regulations. Antle (1995, p. 2)
states that “the current emphasis in food safety regulations on the prevention of
cancer from chemical residues represents a wildly inefficient allocation of public
funds.” When the potential for societal benefits from a set of regulatory responses is
distinctly different, then both the benefit cost analysis of a given regulation and the
food safety attribute that warrants the intervention are important in the regulatory
debate (Antle 2001; Unnevehr 2000).
There is a consensus among researchers that regulations can only partly explain
firms’ commitments and incentives to adopt food safety and quality practices. Thomsen
and McKenzie (2001) suggest that firms are willing to spend resources to provide a
level of safety, not only because consumers demand it, but also because, as profit
maximizers, they want to avoid the costs associated with the recall and the disposal of
contaminated food, as well as liability claims. Also, firms work very hard to avoid the
consequences of negative publicity and lost market share when an outbreak of illness
related to food contamination occurs. Buzby and Frenzen (1999) indicate that a combination of product liability, governmental regulations, and market forces determine
the current level of food safety. Caswell, Bredahl, and Hooker (1998, p. 550) observe,
however, that the literature is scanty when it comes to analyzing the adoption and
perceived effects of voluntary and quasi-voluntary meta-systems such as HACCP and
ISO 9000.
Why is the knowledge of firms’ adoption behavior so important? In understanding
firms’ adoption behavior, public agencies would be able to channel the limited available resources more efficiently, thus achieving the objective of enhanced food safety
and quality, as well as increased consumer confidence in the country’s food systems
(Huff and Owen 1999; Woteki 2000).

FOOD SAFETY AND QUALITY PRACTICES IN THE CANADIAN FOOD PROCESSING INDUSTRY

5

Incentives and the Adoption of Food Safety and Quality Practices
The extent of adoption of food safety and quality practices varies across firms.
This variation reflects incentives as perceived by each firm to supply safe food products. As indicated earlier, these incentives could be externally driven (e.g., to meet
legal requirements or to meet the needs of major customers) or internally driven (e.g.,
to improve operational efficiency or to reduce error rates, wastage, and costs). Other
incentives might include the enhancement of reputation/brand name capital (Klein
and Leffler 1981), the prevention of liability damages (Antle 2001), or the reduction
in transaction costs among partners in the supply chain (Holleram, Bredahl, and
Zaibet 1999; Caswell, Bredahl, and Hooker 1998).
While the propensity to adopt practices for safer food products depends mainly on
such incentives, a firm’s characteristics/activities play a major role in determining the
relative importance of such incentives. Acknowledging the importance of firm characteristics, Henson and Holt (2000, p. 408) note that it is not possible to generalize
the impacts of a particular set of incentives on the level and the type of food safety
control that are adopted by firms. This, in turn, is because firms have different characteristics, objectives, type of products manufactured, and operating environment. Seddon
et al. (1993) surveyed about 650 ISO 9000 adopters in the United Kingdom and
reported that 51 percent of large firms and 30 percent of small firms anticipated reducing their costs as a result. On the other hand, 48 percent of large firms and 71
percent of small firms expected to increase their market share as a result of ISO 9000
certification. McDonald and Cruthfield (1996) also discuss the importance of considering plant heterogeneity (such as firm size and product mix) in determining the
incentives of firms to adopt food safety assurance systems.
Hobbs, Fearne, and Spriggs (2002) argue that the essential factors driving change
in the approach to food safety in Canada have been external. Maintaining access to
United States and other foreign markets is extremely important to Canadian firms.
Canadian firms wishing to export meat, for example, to the United States must have
an HACCP system in place although it is not yet mandatory under Canadian regulations; however, access to foreign markets as a motivation would be weak and is
unlikely to be important for establishments in the bakery industry. Shavell (1987)
suggests that in general, a firm’s incentives to supply safe products might be affected
by its size, its organization, and the structure of its market.
Based on the foregoing, one could expect a systematic association between the
characteristics of firms and the incentives to adopt specific food safety and quality
practices. Thus, in explaining the propensity of firms to adopt food safety and quality
practices one must consider factors such as industry type, size, market structure, and
major markets served by the firms.
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Performance and the Adoption of Food Safety and Quality Practices
Food safety and quality practices, such as HACCP and ISO 9000, are becoming
increasingly mandatory. Some authors claim, however, that investment in these
practices may be a burden without adequate returns for some firms (Martin and
Anderson 2000; Antle 1999). Others examine whether the effects of adopting such
quality and safety assurance systems are significantly different for establishments in
different sectors or of different sizes (Caswell, Bredahl, and Hooker 1998). At the
same time, many authors suggest that consumers are demanding to have products
with improved safety and nutritional attributes (Caswell 1995). Accordingly, if
consumers reward firms for providing safer foods, then one would expect a positive
correlation between the adoption level of food safety and quality practices and the
firm’s performance. Therefore, an important research question is: What is the impact
of adopting food safety and quality practices on the economic performance of food
processing firms?
While the literature is thin on the possible effects of adopting food safety and
quality practices on firm performance, several recent studies attempt to quantify the
effects adopting food safety and quality practices on firm performance. Bocker,
Bredahl, and Northen (2003) investigate whether differences in motivation to seek
ISO 9000 certification affect firm performance. Quality managers of a sample of 27
British agribusiness firms rated a set of 13 performance indicators. Most firms rated
the impacts of certification positively. The authors concluded that the adoption/
improvement of quality assurance systems is of key importance for the competitiveness of agribusiness firms. Also, Maza and Ramirez 2003 examine the effects of ISO
9000 certification on the Spanish agribusiness sector. They conclude that the adoption
of ISO 9000 impacted positively the quality of units produced and profit margins. The
main limitation of the above studies is that performance indicators used in the analysis are based on subjective evaluation rather than on objective data.
Assessing market performance (e.g., market share, labor productivity) requires,
among other things, information on manufacturing shipments, value added, and employment, both at the firm and industry levels. In this study, survey data is linked with
administrative records to analyze the relationship between performance and the
adoption of food safety and quality practices.
Analytical Framework

T

HE MAJOR DRIVERS OF A FIRM’S PROPENSITY

to adopt food safety and quality
practices are the relevant incentives that are realizable by adopting such
practices. The adoption of such practices would impact on the cost, prices, and profits
of firms, and such impacts would differ from one firm to another. In other words, the
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relative importance of incentives in relation to cost, prices, and profits likely differs
among firms in their decision to adopt any specific food safety and quality practices.
By knowing the relative importance of each of these incentives it is possible to relate
this information to the propensity to adopt safety and quality practices. In the absence
of such information, one could conceptualize an association between the following set
of five incentives: profit motives, legal requirements, consumer demand, cost of
implementation, and transaction costs and the relevant set of firm characteristics.
Profit Motives
We suggest that profit motives – and related issues such as brand name capital
and reputation as incentives – likely vary across firms. It is reasonable to assume that
innovative firms are more likely than non-innovative firms to explore ways of expanding their market share and access to new markets, and therefore are more likely
to adopt safety and quality practices. In the 1998 Survey of Advanced Technology in
the Canadian Food Processing Industry (Baldwin, Sabourin, and West 1999), the
authors show that foreign-controlled firms are more innovative, more competitive,
and have a higher adoption intensity of food safety and quality practices than
Canadian-controlled firms. The implication is that firm characteristics such as innovativeness and country of control would likely be associated with incentives related to
reputation and brand name capital in adopting food safety and quality practices.
In addition, brand name capital and reputation-related incentives to adopt food
safety and quality practices are more likely to be greater for larger firms than the
smaller ones. Seddon et al. (1993) examine adopters of ISO 9000 in the United Kingdom and report distinctly different adoption incentives between large and small firms.
Also, Zaibet and Bredahl (1997) and Lloyds Register Quality Assurance 1995 note
that incentives to adopt ISO 9000 differ depending on firm size.
Legal Requirements
Regulatory requirements and the potential for liability damage will also depend
on firm-specific characteristics. Firms more prone to specific hazards, such as pathogens in seafoods, meat, and milk, or chemical and pesticide residues in vegetables and
fruits, will likely have liability-related incentives. Henson and Holt (2000) report that
meeting legal requirements was the most important incentive among the ISO 9000
adopters in the dairy industry in the United Kingdom.
Similarly, the major market served by a given firm would also affect the incentives related to meeting legal requirements. For example, Canadian firms exporting
meat to the United States must have an HACCP system in place. The industry type
and the major market served are two possible characteristics that could explain the
importance of legal requirements as an incentive to adopt food safety and quality
practices.
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Consumer Demand
Incentives to meet consumer demand and to address food safety related issues are
firm specific. The type of industry/firm (e.g., meat, dairy, or cereal) will generally determine the level of consumer pressure for adopting food safety and quality practices.
This pressure will likely be greater for firms in meat and dairy and relatively smaller
for firms in cereal or bakery. The type of industry/firm could explain the importance
of meeting consumer demands as an incentive to adopt food safety and quality
practices.
Cost of Implementation
Antle (1995), Holleram, Bredahl, and Zaibet (1999), and Taylor (2001) examine
the negative incentives of higher per unit production cost of adopting food safety and
quality practices for smaller firms. Antle (1995) notes that because the monitoring
and the record keeping requirements of regulations are largely fixed costs, the
average cost per unit of production is higher for smaller firms than for larger firms.
Therefore, size is another possible firm characteristic that could explain the importance of the cost of implementation as an incentive to adopt food safety and quality
practices.
Transaction Costs
Caswell, Bredahl, and Hooker (1998) and Holleram, Bredahl, and Zaibet (1999)
discuss the importance of lowering transaction costs by adopting food safety and
quality meta-systems such as ISO 9000. Third-party accreditation could reduce the
verification costs of the exchange process, eliminate or reduce maintenance of separate quality control laboratories, reduce the number of audits required, and decrease
the number of products that fail in the marketplace.
Adopting food safety and quality practices would impact on the size of transaction
costs in all the facets of exchange process (e.g., search, bargaining, and verification).
And, this impact is likely to be firm specific. The search and verification of food
safety and quality practices in export markets could be relatively costly. Therefore,
incentives to lower such costs by guaranteeing food safety and quality practices by
third-party accreditation and by adopting internationally recognized standards are
larger for firms serving export markets than for firms supplying domestic markets
only. Thus, the incentive of lowering transaction costs through adopting food safety
and quality practices is likely to vary by major market served by the firms. The
search, bargaining, and verification of food quality and safety attributes definitely
vary across product types. Depending on the product produced, firms have different
incentives related to lowering transaction costs in the exchange process.
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The Survey and the Data

T

HIS STUDY IS BASED ON TWO SETS OF DATA:

The 1998 Survey of Advanced
Technology in the Canadian Food Processing Industry (Baldwin, Sabourin, and
West 1999; West 2000) and the Annual Survey of Manufacturers for 1995, 1996, and
1997 (Statistics Canada). In the 1998 survey, food processing establishments (plants)
were randomly sampled from the Statistics Canada Business Register and stratified
across establishment size, industry type, and country of control (Table 1). There were
four establishment-size classes based on the peak work force, seven industries, and
three countries of control. The response rate of the survey was 83.9 percent (Table 1).
While the focus of the 1998 survey was on advanced technology adoption by the
Canadian food processing industry, it also gathered information on establishment
characteristics, adoption of business practices, innovation, the competitive environment, human resource profiles, competitiveness, and many other aspects related to advanced technology adoption.
In this study, data from the 1998 survey (relevant to establishments’ characteristics and activities in 1995, 1996, and 1997) will be linked to data from the Annual
Table 1. Survey of Advanced Technology Adoption: Response Rates
Stratification Variable

Completed Units

Response Rate

Number of employees:
10−19
20−99
100−249
250 or more

206
408
145
95

82.1
83.8
89.0
81.2

Country of control:
Canada
United States
Other foreign

666
108
80

83.0
85.0
90.0

Industry:
Bakery
Cereal
Dairy
Fish
Fruit and vegetable
Meat
Other

129
133
105
110
101
137
139

80.6
85.3
86.1
82.7
89.4
85.6
79.9

854

83.9

Source: Baldwin, Sabourin, and West (1999, p. 22)
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Survey of Manufacturers (ASM) for 1995, 1996, and 1997 at establishment level. The
ASM collects, among other things, information on value added, value of shipment,
and number of employees.
The focus in this study is on establishment-level information in relation to the
adoption of food safety and quality practices. Respondents (plant managers) were asked
to report on eight food quality and food safety practices (Table 2). From these eight
practices, five are quality oriented and three are safety oriented.
The 1998 survey shows that 94 percent of the Canadian food processing establishments use at least one of these eight business practices; 74 percent of the establishments use four or more. The users of four or more practices were considerably higher
in the dairy (86 percent) than in the bakery (62 percent) and meat (68 percent) industries (Baldwin, Sabourin, and West 1999).
Table 2. Food Safety and Quality Practices
Quality-oriented practices

Safety-oriented practices

Continuous quality improvement

Good manufacturing practices

Benchmarking

Hazard analysis critical control points

Plant quality certification

Food safety enhancement program

Certification of suppliers
Acceptance sampling

Econometric Model

W

ITH RESPECT TO IMPLEMENTATION OF FOOD SAFETY and quality practices,
firms’ responses are ordinal and can be ranked from low to high. The actual
value of the dependent variable is unobservable, but the survey responses can be
categorized into the number of food safety and quality practices adopted. In this
study, the categories are (i) two or fewer practices adopted, (ii) between three and
five, and (iii) six or more. This categorization is reasonable since the various types of
food safety and quality practices are usually adopted for a specific phase of a firm’s
operation. For instance, a firm may adopt “certification of suppliers” or “acceptance
sampling” in the input procurement stage and adopt “HAACP” in the processing
stage. It is reasonable to believe that any or each of these practices will contribute to
the level of food safety and quality desired by a given firm. An ordered logistic
estimation procedure is used in this study (Borooah 2002; Davidson and MacKinnon
1993; Greene 2003; Long 1997; Maddala 1983). The structural model is

FOOD SAFETY AND QUALITY PRACTICES IN THE CANADIAN FOOD PROCESSING INDUSTRY

11

Yi ∗ = xiβ + εi ,
where Yi* is an unobservable response variable (e.g., low, medium, or high food
safety and quality practices), x i is a row vector of explanatory variables, β is a
column vector of structural coefficients, and εi is an additive error term. If the error
term is normally distributed, then this specification gives rise to an ordered probit
model. If the error term follows a logistic distribution then an ordered logistic model
obtains. When the ordered logistic model is derived from a latent variable model
above, which is not necessary, the errors follow the extreme value distribution
(Domencich and McFadden 1975). Since Yi* is unobserved, the number of safety and
quality practices adopted, Y , is observed.
Yi = 1 if -∞ ≤ Yi ∗ < µ1 ,
= 2 if µ1 ≤ Yi ∗ < µ 2 ,
= 3 if µ 2 ≤ Yi ∗ < ∞.

The µi’s are parameters to be estimated. Probabilities are calculated as follows:
P (Y = 1| x) = Λ (µ1 − x′β),
P (Y = 2 | x) = Λ (µ 2 − x′β) − ∆ (µ1 − x′β)
P (Y = 3 | x) = 1 − Λ (µ 2 − x′β),
where Λ = e x (1 + e x ) is the logistic cumulative distribution function.
The first model specifies the relationship between the adoption intensity of food
safety and quality practices and firm-specific characteristics/activities. The driving
forces of a firm’s propensity to adopt such practices are the relevant incentives,
including profit motives, legal requirements, and consumer demand. The association
between the degree of adoption and a firm’s characteristics/activities is presented by
the following specification:
Yi ∗ = ∑ k =1 βk X ik + εi ,
K

(1)

where Xik’s are the relevant firm-specific characteristics that include country of
control, size, industry, major market served, innovativeness, and level of inspection.
The second model investigates the connection between firms’ performance
and the propensity to adopt food safety and quality practices and firm-specific
characteristics/activities. The model is specified as
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performancei = β1 (intensity of adoption) + ∑ k = 2 βk X ki + εi ,
k =K

(2)

where the dependent variable is expressed in logarithmic form using market shares
and labor productivity to measure a firm’s performance. We follow Corley, Michie,
and Oughton (2002) and Hall and Jones (1999) in using values, in levels, of market
shares and labor productivity. Hall and Jones (1999) note that levels would provide a
non-transitory variation of market performance, whereas growth rate would provide a
transitory variation of performance. The independent variables are intensity of
adoption, country of control, size, industry, major market served, and innovativeness
(see Tables 3 and 4 for a description of the variables). Model (2) was estimated by
ordinary least squares.

Table 3. Dependent Variables
Dependent Variable

Description

Estimation Method

MODEL (1)
Propensity to adopt food
safety and quality:
(a) Intensity of adoption

(b) Intensity of adoption

Y = 1 (2 or fewer),
Y = 2 (3−5),
Y = 3 (6 or more practices)
Y = 1 (6 or more practices),
Y = 0 otherwise

ordered logistic

binomial logistic

MODEL (2)
Performance:
(a) Log of market share

(b) Log of labor productivity

Y = average of a firm’s value of
manufacturing shipments divided by
the industry’s value of
manufacturing shipments for 1995,
1996, and 1997, at 4-digit SIC code
level
Y = average of a firm’s value of
manufacturing shipments divided by
number of production workers of the
firm for 1995, 1996, and 1997

ordinary least squares

ordinary least squares
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Table 4. Independent Variables
Independent Variables
Variables used in the
specifications:
Country of control

Description

Base

Foreign control = 1, otherwise = 0

Canadian control

Establishment size

20−49 employees =1, otherwise = 0
50−99 employees =1, otherwise = 0
100−249 employees = 1, otherwise = 0
>250 employees = 1, otherwise = 0

< 20 employees

Industry

Cereal = 1, otherwise = 0
Dairy = 1, otherwise = 0
Fish = 1, otherwise = 0
Fruit and vegetable = 1, otherwise = 0
Meat = 1, otherwise = 0
Other = 1, otherwise = 0

bakery

Major market served

Serving both foreign and Canadian market = 1,
otherwise = 0

serving only
Canadian markets

Innovativeness

Establishments adopting at least one innovation
during 1995−1997 = 1, otherwise = 0

non-innovators

Level of inspection

Establishments federally inspected = 1,
otherwise = 0

non-federally
inspected

6 or more practices adopted = 1, otherwise = 0

fewer than 6

Variables specific
to Model (2):
Intensity

Empirical Results

E

MPIRICAL RESULTS PROVIDE INFORMATION

in answering the following
question: What is the relationship between the intensity of adoption of food
safety and quality practices and the characteristics/activities of food processing
establishments (e.g., country of control, size, industry, market served, innovativeness,
and level of inspection)?
To address this question, data from the 1998 Advanced Technology Survey and
ordered logistic regression as specified in Model (1) are used to estimate the
probability of the adoption of food safety and quality practices versus the nonadoption of these practices. The estimated coefficients for the ordered and binomial
logistic regression models (six or more practices) are presented in Tables 5 and 7,
respectively. Associated probability estimates for both models are contained in Tables
6 and 7, respectively. Note that the estimated coefficients in ordered and binomial
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logistics models provide the qualitative effects of the independent variables and show
the direction of change. The probability estimates report the quantitative and marginal
effects of changes in independent variables.
The quantitative effect of a dummy variable is calculated by comparing the
probabilities that result when the dummy variable takes on a specific value with the
probabilities that the dummy variable takes on another specific value. The marginal
probability is the difference between the mean probability values of the second and
first comparison (Borooah 2002). The values of all other variables in the model are
held fixed between the two comparisons.
In general, the estimates reported in Tables 5 and 7 for ordered and binomial
logistic regressions appear logical. All the estimated coefficients in Table 5 exhibit
plausible signs. With the exception of four coefficients in Table 5 and five coefficients
in Table 7, all coefficients are statistically significant. The adjusted Wald test for the
goodness of fit (F statistic) is significant at the one percent level for the two sets of
regressions.2 In most cases, the significant coefficients in Tables 5 and 7 have the same
relative magnitude. That is, the ordered and binomial models produce similar patterns.
Tables 5 and 7 also indicate that establishments that are foreign-controlled, large,
serving both the Canadian and foreign markets, innovative, and federally inspected
are more likely to adopt food safety and quality practices than are firms that are
Canadian-controlled, of small size, serving only the Canadian market, non-innovative, and not federally inspected. Regarding establishment size, the probability of
being a higher adopter increases monotonically from the smallest to the largest.
Establishments in the dairy and fruit and vegetable industries are also more likely to
adopt food safety and quality practices than ones in the bakery industry. One can
conclude from the above results that plant characteristics/activities play a major role
in determining the relative importance of various incentives and in turn the intensity
of adopting food safety and quality practices.
Marginal probabilities, reported in Table 6 (for statistically significant variables)
and Table 7 (second column), confirm the aforementioned results. After controlling
for all other variables, the results indicate that being in the largest size class has the
greatest marginal probability of being a high adopter of food safety and quality
practices compared with other establishment characteristics. As size class increases
from smallest to largest, the probability of being a high adopter increases by 10, 15,
20, and 31 percentage points, respectively (Table 6). That is, there is a 31 percentage
point difference in the probability of being a higher adopter (six or more practices)
2

The survey estimation approach using STATA (STATA 1999, pp. 321−333) was used in this study.
Survey estimation approach allows the incorporation of probability weights of the sample to obtain
valid estimates for the entire population. Test statistics based on maximum likelihood estimators (LR
test and Pseudo R-squares) are not provided with the survey regression summary statistics since the
likelihood estimates with the survey regressions are not true likelihood (STATA 1999, p. 328). We do,
however, provide F- statistics obtained by using the adjusted Wald test (STATA 1999, p. 329) to test
the goodness of fit of the specification.
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Table 5. Ordered Logistic Regression for Food Safety and Quality Practices
Variable

Coefficienta

Country of control:
Foreign

0.564***

Establishment size:
20−49 employees
50−99 employees
100−249 employees
> 250 employees

0.411**
0.503***
0.827***
1.437***

Industry:
Cereal
Dairy
Fish
Fruit and vegetable
Meat
Other

0.225
0.955***
0.007
0.643**
0.158
0.253

Major market served:
Both Canadian and foreign

0.314*

Innovativeness:
At least one innovation

0.694***

Level of inspection:
Federally inspected

0.325*

Cutoff point 1b
Cutoff point 2

0.620**
2.125***

Model F value
Degrees of freedom

8.5***
840

a

***, **, and * denote confidence level of 99 percent, 95 percent, and 90 percent, respectively.
The cutoff points in the ordered logistic regression indicate the switching values of the latent variable
(propensity to adopt), i.e., movement from low to medium (cutoff point 1) and from medium to high
(cutoff point 2).
b

between the largest and the smallest establishments. Establishments in the dairy
industry have a higher probability of adopting (21 percentage point difference) relative to establishments in the bakery industry. Being an establishment serving both the
Canadian and foreign markets or being an establishment that is federally inspected
has the smallest marginal probability (7 percentage point difference) of adopting food
safety and quality practices relative to establishments serving only the Canadian
market or non–federally-inspected.
Finally, the marginal probabilities of ordered (Table 6) and binomial (Table 7,
column 2) logistic regressions are slightly different (Pampel 2000; Petersen 1985;
Borooah 2002). But the two models lead to the same conclusion regarding the impacts
of establishments/activities on adoption intensity of food safety and quality practices.
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Table 6. Marginal Probability of Adoption for Ordered Logistic Regression,
Percentage Point
Variable

Probability of being…
…low adopter

…medium adopter

…high adopter

Foreign-controlled

-9

-4

12

20−49 employees
50−99 employees
100−249 employees
>249 employees

-5
-8
-10
-13

-5
-7
-10
-18

10
15
20
31

Dairy
Fruit and vegetable

-13
-10

-7
-4

21
14

Serving both Canadian and
foreign markets

-5

-1

7

At least one innovation

-9

-2

12

Federally inspected

-6

-1

7

Table 7. Binomial Logistic Regression for Six or More Practices

Variable

Coefficienta

Constant

-2.085***

Marginal Probability
Relative to the Base,
Percentage Point

Country of control:
Foreign

0.477**

12

Establishment size:
20−49 employees
50−99 employees
100−249 employees
> 250 employees

0.513**
0.704**
0.893***
1.491***

13
17
22
33

Industry:
Cereal
Dairy
Fish
Fruit and vegetable
Meat
Other
Major market served:
Both Canadian and foreign

-0.110
0.740**
-0.201
0.569*
0.190
0.193
0.252

-3
18
-5
14
5
5
6
continued…
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Table 7 continued
Variable

Coefficienta

Marginal Probability
Relative to the Base,
Percentage Point

Innovativeness:
At least one innovation

0.584***

14

Level of inspection:
Federally inspected

0.462**

11

Model F value
Degrees of freedom

6.49***
840

a

***, **, and * denote confidence level of 99 percent, 95 percent, and 90 percent, respectively.

Performance and Adoption Behavior: Model (2)

I

N THIS SECTION EMPIRICAL RESULTS ARE PRESENTED

that address the question:
Is there any relationship between the adoption of food safety and quality practices
and market performance (market share and productivity) of Canadian food processing
establishments? To answer this question, data from the 1998 Advanced Technology
Survey are linked with data from the Annual Survey of Manufacturers (ASM).
Specifically, the ASM collects data on market share and labor productivity. See Table
3 for a description of market share and labor productivity variables. Ordinary least
squares procedures are used to estimate a semi-log functional form of the market
share and productivity equations specified as Model (2).
Market Share
Estimates for the market share and the intensity of adoption are contained in
Table 8. Results in this table show that the linkage of the survey and census data was
successful in obtaining reliable estimates of the market share equation. In general,
most of the estimated coefficients appear plausible. Except for the fish industry, all
estimates have the expected positive sign. Moreover, almost all of the estimates are
statistically significant at the one percent level. Also, it can be observed that the statistical fit for the estimated equations is generally good, considering that the results
are based on cross-sectional micro data.
As expected, the intensity of adoption of food safety and quality practices is
positively and significantly related to the market share performance indicator (Table
8). Being an adopter of six or more practices increases the market share relative to
establishments that adopt fewer than six practices, controlling for all other variables
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Table 8. Regression for Market Share and Intensity of Adoption
Variable
Constant

Coefficienta
-13.267***

Country of control:
Foreign

0.768***

Establishment size:
20−49 employees
50−99 employees
100−249 employees
> 250 employees

0.759***
1.342***
1.880***
2.651***

Industry:
Cereal
Dairy
Fish
Fruit and vegetable
Meat
Other

1.636***
1.418***
-0.033
0.705***
1.136***
0.882***

Major market served:
Both Canadian and foreign

0.134

Innovativeness:
At least one innovation

0.097

Intensity of food safety and
quality practices adoption:
6 or more practices
R-squared
Degrees of freedom

0.266***
0.5612
692

a

***, **, and * denote confidence level of 99 percent, 95 percent, and 90 percent, respectively.

in the specification In addition, the results indicate that the effects of country of
control, size, and industry (except for the fish industry) on market share are positive
and significant. Establishments serving both Canadian and foreign markets and being
innovative are positively related to market share; however, coefficients for these two
variables are not significantly different from those establishments serving only
Canadian markets and that are non-innovative.
Labor Productivity
Estimates for labor productivity and intensity of adoption are presented in Table 9.
The table indicates that parameter estimates for intensity of adoption are statistically
significant. Even so, the number of statistically significant coefficients for the labor
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Table 9. Regression for Labor Productivity and Intensity of Adoption
Variable

Coefficienta

Constant

11.405***

Country of control:
Foreign
Establishment size:
20−49 employees
50−99 employees
100−249 employees
> 250 employees

0.475***
0.048
0.068
0.091
-0.053

Industry:
Cereal
Dairy
Fish
Fruit and vegetable
Meat
Other

1.614***
1.401***
0.226***
0.532***
0.836***
0.677***

Major market served:
Both Canadian and foreign

0.148**

Innovativeness:
At least one innovation

0.038

Intensity of food safety and
quality practices adoption:
6 or more practices

0.114**

R-squared
Degrees of freedom

0.4402
692

a

***, **, and * denote confidence level of 99 percent, 95 percent, and 90 percent, respectively.

productivity specification is generally less than the number for the market share
specification. In addition, the statistical fit for the labor productivity equation is
slightly poorer than that for the market share equation. Moreover, the coefficient for
establishments with more than 250 employees is negatively related to labor productivity, but it is not statistically significant.
In Table 9 the results show that an adopter of six or more practices increases labor
productivity compared with plants adopting fewer than six practices. The effects on
labor productivity of the country of control, industry, and market served are positive
and significant. Generally, one can conclude that the results indicate that investment
in food safety and quality practices may enhance the market performance of
establishments in the Canadian food processing industry.
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Concluding Remarks

I

N GENERAL, THE FINDINGS OF THIS STUDY SHOW

that the adoption intensity of
food safety and quality practices is very closely linked to establishments’ characteristics/activities. Specifically, the results indicate that size, country of control, and
innovativeness have more influence than industry, major market served, and level of
inspection on the adoption intensity of food safety and quality practice. More
importantly, the results provide strong evidence that the adoption of such practices is
positively associated with establishment performance. Several specific inferences can
be drawn from the results of this study.
The impact of firm size on the adoption of single practices such as HACCP
(Gromley 1995; Mortlock, Peters, and Griffith 1999) and ISO 9000 (Seddon et al.
1993) are well documented – that is, smaller firms are less likely to invest in food
safety practices relative to larger ones. Results from this analysis suggest that the
probability of adoption intensity increases monotonically from the smallest to the
largest establishment. According to a recent survey of establishments in the Canadian
red meat and poultry processing industries, small and medium size establishments
reported that HACCP implementation had an adverse effect on their financing (Canadian Food Inspection Agency 2002). In the same survey, however, small size establishments indicated that increases in both the gross revenue and the number of units sold
were the top two positive impacts of implementing HACCP. For medium size establishments, the higher quality of units was the top positive impact of implementing HACCP.
Therefore, encouraging small firms to adopt food safety and quality practices would
likely enhance the competitiveness of the ssection since small firms are ector since
small firms are optimistic about expanding their market share (Seddon et al. 1993).
In addition, the results suggest that establishments in the Canadian food processing
industry are more likely to adopt a combination of food safety and quality oriented
practices than to adopt safety or quality oriented practices alone. Firms’ adoption behavior is governed by a balancing act of providing both quality and safety attributes in
their products. The synergies of food safety and quality in customer satisfaction may be
the essential driver in this balancing act. Therefore, policy directives and initiatives to
improve technical competencies of firms to meet food safety goals must accommodate
and address these important synergies of providing both food safety and quality attributes. Although a firm’s provision of quality attributes has not been a concern in designing regulation standards, a firm’s efforts are interrelated in providing both safety and
quality attributes.
The empirical results indicate that the adoption intensity (six or more practices) is
positively and significantly associated with the market share and productivity levels.
Results indicate that there is some evidence that investment in food safety and quality
practices pays off. Further research, however, is required relative to other economic
performance indicators such as profitability, multifactor productivity, and cost.
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